Hydroquinone resistance in a murine myeloblastic leukemia cell line. Involvement of quinone reductase and glutathione-dependent detoxification in nonclassical multidrug resistance.
A hydroquinone-resistant derivative of the M1 cell line, designated M1HQ, was generated and used to evaluate the biochemical mechanism responsible for resistance to oxidative stress-inducing agents. The hydroquinone concentrations that were cytotoxic to 50 and 90% of the parental M1 cell line in 48 hr were 25 and 90 microM, respectively, whereas exposure to 500 microM hydroquinone did not decrease M1HQ viability significantly. M1HQ cells grew slower than M1 cells and exhibited significantly higher resistance to colchicine, doxorubicin, hydrogen peroxide, 4-hydroperoxycyclophosphamide, and 1,3-bis (2-chloroethyl)-1-nitrosourea but not to benzoquinone, vinblastine, or gamma-radiation. M1HQ cells possessed significantly higher levels of total thiols, glutathione, glutathione peroxidase, glutathione reductase, quinone reductase, and gamma-glutamyl transpeptidase than the parental M1 cell line. Steady-state gamma-glutamylcysteine synthetase mRNA expression also was 1.6-fold higher in M1HQ cells. P-glycoprotein transcripts were detectable in both M1 and M1HQ cells, but were 2-fold higher in M1HQ. Multidrug resistance-associated protein transcripts were not detectable in either M1 or M1HQ. Hydroquinone resistance in M1HQ cells was partially reversible with a combination of inhibitors of quinone reductase, gamma-glutamylcysteine synthetase, glutathione peroxidase, and the multidrug resistance-associated protein, but not with inhibitors of P-glycoprotein, gamma-glutamyl transpeptidase, or glutathione-S-transferase. When treated with [14C]hydroquinone, M1HQ cells did not generate significant hydroquinone-protein adducts but did release an adduct similar to N-acetylcysteinyl-benzoquinone. In contrast, numerous [14C]hydroquinone-protein adducts were produced in M1 cells, while the N-acetylcysteinyl-benzoquinone-like molecule was undetectable. Thus, hydroquinone resistance in M1HQ cells appeared to result from a glutathione-dependent detoxification and export mechanism.